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Wnt-Frizzled/Planar cell polarity (PCP) signaling is a conserved mechanism establishing cellular orientation
across animal species. Many aspects of PCP-signaling regulation remain, however, poorly understood.
A new paper establishes a potential link from Wnt5a to asymmetric PCP-factor localization via their phos-
phorylation.A common trait of developing organs and
tissues is the orientation of cells in
a precise and tightly regulated pattern.
Cellular shape and polarity ultimately
determine the final shape and spatial
organization of organs. Besides the ubiq-
uitous apical-basal polarity, epithelial
cells are generally also polarized within
the plane of the epithelium. Typical exam-
ples of such planar cell polarization (PCP)
are apparent in adult tissues in
Drosophila, where this phenomenon was
discovered and is best characterized
(Adler, 2002; Lawrence et al., 2007;
Seifert and Mlodzik, 2007). Establishment
of PCP orientation is regulated by Frizzled
(Fz)/PCP-signaling, a noncanonical Wnt
pathway. In recent years, studies in verte-
brate animal models have shown that
Fz/PCP-signaling is conserved (Seifert
and Mlodzik, 2007; Wang and Nathans,
2007), and its core factors, including the
Fz-receptor, Dishevelled (Dsh/Dvl), and
Van Gogh/Strabismus (Vangl) families of
proteins, are similarly involved. Although
several Wnt-family members have been
implicated in PCP establishment (Seifert
and Mlodzik, 2007; Wang and Nathans,
2007), their specific role(s) remain largely
unknown. In particular, it remains unclear
whether PCP-associated Wnts have an
instructive or a permissive role.
In this issue of Developmental Cell, Gao
et al. (Gao et al., 2011) demonstrated that
PCP-signaling is required for the correct
development and patterning of limbs in
mice, a novel PCP model. They sug-
gested that a Wnt5a gradient induces
asymmetric localization of Van Gogh-like
2 (Vangl2). While a role of Wnt-ligands in
Drosophila PCP-signaling remains under146 Developmental Cell 20, February 15, 201debate, Wnt5a (and other Wnts) is
involved in PCP processes in vertebrates,
ranging from convergent extensionmove-
ments to sensory cell polarization in the
mouse inner ear (Angers and Moon,
2009; Kikuchi et al., 2009). Wnt5a can
signal through the receptor tyrosine-
kinase Ror2 (Angers and Moon, 2009;
Kikuchi et al., 2009), for which mutations
have been identified in Brachydactyly
type B and Robinow disease, a human
skeletal syndrome characterized by
dwarfism, limb shortening, and facial
abnormalities (Minami et al., 2010). Gao
et al. (2011) reported similar defects for
Wnt5a, Ror2, and Vangl2 mutant mice.
Comparing the phenotypes of Wnt5a/,
Ror2/, and Vangl2Lp/Lpmice, they found
that, in each case, the polarization of
chondrocytes along the proximal-distal
axis of limbs was compromised, resulting
in shorter limbs, consistent with another
recent study (Wang et al., 2011) and sug-
gesting that Robinow syndrome and
Brachydactyly type B are caused by
defects in PCP signaling. Of note, mice
carrying inactivation of both Ror2 and
Vangl2 exhibited stronger PCP defects,
including open neural tubes and severe
disruption of inner ear cell polarity.
Gao et al. next established that Vangl2
is asymmetrically localized in chondro-
cytes and that such polarization is disrup-
ted in Wnt5a/ or Ror2/ mice. Since
Ror2 is part of a Wnt5a receptor complex
(Kikuchi et al., 2009), Gao et al. hypothe-
sized that Wnt5a-activated Ror2 could
signal to Vangl2, resulting in its asym-
metric localization. Consistent with this
model, Ror2 and Vangl2 were found in
a complex in limb buds and cell culture,1 ª2011 Elsevier Inc.and co-expression of most Wnts, in-
cluding Wnt5a, enhanced this interaction.
Intriguingly, Vangl2 phosphorylation was
enhanced when Ror2 and several Wnts,
including Wnt5a, were co-transfected.
The authors focused their studies on
Wnt5a because of the phenotypes dis-
cussed above, but it remains possible
that, under physiological conditions, other
Wnt ligands may also play a role in this
process.
Through extensive mutagenesis exper-
iments, Gao et al. mapped Vangl2 phos-
phorylation to conserved serine/threonine
residues located in two clusters on the
N-terminal cytoplasmic tail and showed
that substitution of Ser5/82/84 to alanine
markedly reduced Vangl2 phosphoryla-
tion. Cotransfection experiments and a
small molecule inhibitor argued for a role
of casein kinase 1 (CK1, specifically
CK1d) in such Vangl2 phosphorylations.
As Ser5/82/84 are not typical CK1 sites,
it is conceivable that CK1d does not
directly phosphorylate Vangl2 but instead
an upstream PCP factor, such as Dsh or
Ror2 itself (Grumolato et al., 2010). Also,
while Vangl2 Serine82/84 are functionally
important in convergent extension, their
phosphorylation is not affected in
Wnt5a/ or Ror2/ limb buds, arguing
for additional critical upstream activation
events. Further work is, therefore, neces-
sary to define more precisely the kinases
directly involved in Vangl2 phosphoryla-
tion. To assess whether this Vangl2 phos-
phorylation is required in PCP signaling,
they investigated its functional require-
ments in Vangl2/trilobite zebrafish
mutants and showed that alanine substi-
tutions of these serines eliminated
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extension defects; conversely, a phos-
phomimetic Vangl2 construct was more
active than wild-type. In mouse limb
buds, the authors showed that Wnt5a is
expressed in a gradient with high levels
in the distal region, leading to a graded
Vangl2 phosphorylation along the prox-
imal-distal axis. Moreover, Vangl2 phos-
phorylation is reduced in Ror2/ and
Wnt5a/ backgrounds.
This study reveals that PCP-signaling is
required for the establishment of a polar-
ized organization of chondrocytes in
developing limbs and, hence, for the elon-
gation of long bone cartilage. Further-
more, Gao et al. provide novel suggestive
insights into vertebrate PCP signaling.
This study also raises new questions
about the mechanism(s) of the Wnt5-
Ror2-Vangl2 interaction and Vangl2 phos-
phorylation. For example, how does
Vangl2 phosphorylation affect Vangl2
function and/or localization? Vangl2
polarization and phosphorylation are
strongly disrupted in Wnt5a/ limb
buds, but the Ror2-Vangl2 interaction is
only mildly affected, suggesting that
Ror2 and Vangl2 may exist in a constitu-
tive complex prior to Wnt binding. Most
importantly, further studies will be essen-
tial to assess how other core PCP genes
fit into the model proposed by Gao et al.
In Drosophila, PCP signaling ultimatelylocalizes Vang and Fz to opposite cell
sides (Seifert and Mlodzik, 2007), and it
appears that asymmetric Vangl2 localiza-
tion may likewise become excluded from
regions of Ror2 localization at late stages
of chondrocyte development as well (see
Figure 3A in Gao et al., 2011). This sug-
gests that Wnt5a-Ror2-induced Vangl2
phosphorylation might be required for
the exclusion of Vangl2 from a Ror2-Fz
complex upon Wnt5a binding. Consistent
with this model, it has been recently
shown that Wnt5a-induced activation of
Ror2 requires recruitment of Fz (as a core-
ceptor) and its direct effector Dsh, which
results in serine/threonine phosphoryla-
tion of the Ror2 C terminus (Grumolato
et al., 2010). Indeed, Ror2 point mutations
from Robinow syndrome patients,
causing C-terminal Ror2 truncations,
impaired the capacity of Ror2 to mediate
Vangl2 phosphorylation (Gao et al., 2011).
Taken together with the presumed
gradient of Wnt5a expression in limb
buds, these data might suggest that
Wnt5a-induced phosphorylation of Ror2,
in a Fz/Dsh-dependent manner, triggers
graded Vangl2 phosphorylation. The
authors propose that these gradations
may determine the direction of planar
cell polarity, possibly leading to the asym-
metric polarization of its components.
However, it remains to be seen how this
model will really shake out given that theDevelopmental Cell 20,reported links from Wnt5a to Vangl2
phosphorylation are indirect; such a
potential mechanism could be of a more
general nature. In summary, these new
insights provide several new intriguing
questions in the quest for a mechanistic
understanding of PCP establishment.REFERENCES
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